production data, then the average formation pressure can be got by the definition of average pressure and the pressure distribution. The relationship between dynamic reserves with average formation pressure could be established based on the volumetric method. Eventually the single well controlled reserves would be estimated with the known flow data, and the adsorption parameters could be inverted.
Mathematical Model in Shale Reservoir
As the multi-interval fracturing technique in horizontal well is widely used in shale gas development [5] , we need to consider the complex computations in the multi-fractured horizontal well as well as the pressure-sensitivity effect, adsorption effect, diffusion effect in shale gas reservoirs.
Pressure Distribution in The Multi-Fractured Horizontal Well
We assume that the pressure in the horizontal well equals at all spots at the same time because of the low viscosity. The equation and boundary conditions at the kth fracture can be describe by 
Also, the equation in the formation can be given by
The pressure distribution in the infinite formation with N fractures can be gotten with superposition principle and equations above. The dimensionless form is 
The Normalized Pressure Equation in Shale Gas Reservoirs
The flow of shale gas involves the pressure-sensitivity effect, adsorption effect and diffusion effect in the reservoir. We use the assumption and equation mentioned in Cong N [6] , the normalized pressure equation in Laplace space could be obtained as follows: For the kth fracture, the formation pressure(Eq.9) equals to the fracture pressure(Eq.10) at x= . And as we assume, the pressure of each fracture should be the same at =0. So the equations of multi-fractured horizontal well in the shale gas reservoirs can be seen as Fredholm integral equations in Laplace space. With the method mentioned by Xiangyan K [7] , divide each fracture into M sections. With the assumption that is a constant at each section, the numerical solution of ( , ) can be calculated. The pressure distribution in Laplace space can be solved by Eq.9.
Calculation of the Average Formation Pressure The Single Well Controlled Flow Domain of Shale Gas Reservoir
The radius of single well controlled flow domain in oil production is defined as drainage radius. In homogeneous infinite formation, the drainage radius of vertical well can be describe as
The pressure distribution is given by   2 3
1.842 10 , 2 14.4
We can get the dimensionless pressure at drainage radius with Eq.11 and Eq.12 
Eq.13 shows that the dimensionless pressure at drainage radius is a constant (0.219) in homogeneous infinite formation.
For the fractured low permeability oil-gas reservoir, the drainage area varies less during the production. For the multi-fractured horizontal well, the boundary of drainage area can be assumed at the position where = 0.219. Fig. 1 shows the drainage area of horizontal well with 3 fractures. 
The Average Formation Pressure
For the multi-fractured horizontal well in shale gas reservoirs, the normalized pressure distribution can be given by the method noted above, the boundary of drainage area is at the position where = 0.219. The average formation pressure is obtained by 
Estimation of Shale Gas Reserves
According to the volumetric method, when the gas reservoirs production carry on for a period of t, with the assumption of constant temperature in the gas reservoir, the equations can be established as follows:
The solution of the equations is the original gas in-place:
Filed Example
Taking a shale gas reservoir in China as an example, the basic parameters of the gas well and the component of the gas are given below. Table 1 The basic parameters of the shale gas well The length of the horizontal well is 674m, the cumulative production for 34 days is = 274 × 10 4 3 , the number of fractures is 9. With the method in this paper, the dimensionless type curve is given. Fig. 2 shows the curve fitting results of normalized pressure and its derivative. The permeability of shale gas formation = 0.13 × 10 , and single well controlled reserves = 1.9471 × 10 8 3 .
Conclusion
In this paper it is calculated the parameters in shale gas reservoirs with the bottom hole pressure and flow data measured during production. With these parameters, the single well controlled reserves and Langmuir adsorption constant can be estimated. The following conclusions are derived from this study: 1.It is linearized the flow equation of shale gas with the concept of normalized pressure.
2. The equations given by Laplace transform, can deal with adsorption effect and diffusion effect as well as the pressure-sensitivity effect. 3.With the Fredholm integral equations in Laplace space calculated, it is inverted the permeability of shale gas formation, fracture half-length, Langmuir adsorption constant and single well controlled reserves. It is worth noting that the single well controlled reserves should be the sum of free gas and adsorbed gas in the well. 
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